Nontypeable Haemophilus influenzae (NTHI) is a significant cause of otitis media in children and exacerbations in patients with chronic obstructive pulmonary disease. Vaccine research for NTHI has focused on the outer membrane proteins (OMPs) of NTHI. The goal of this study was to evaluate mucosal and systemic immune responses to recombinant OMP P2 (rP2) of NTHI. Enzyme-linked immunosorbent assay (ELISA) demonstrated that both mucosal and systemic routes of immunization resulted in antibodies to rP2. Whole-cell ELISA and flow cytometry indicated that mucosal immunization induced antibodies to epitopes that are on the bacterial surface of the homologous strain as well as several heterologous strains. In contrast, systemic immunization induced antibodies to non-surface exposed epitopes. These data show for the first time that mucosal immunization of mice with rP2 induces antibodies that recognize surface exposed epitopes on multiple strains, indicating that P2 is a candidate for development of a mucosal vaccine for NTHI.
INTRODUCTION
Nontypeable Haemophilus influenzae (NTHI) is an important human pathogen. This nonencapsulated coccobacillus is the leading cause of lower respiratory tract infection in patients with chronic obstructive pulmonary disease. 1 -3 Chronic obstructive pulmonary disease is currently the fifth leading cause of death worldwide and is expected to rank fourth by 2030 ( http://www. who.int/respiratory/copd/en/ ). NTHI is also a significant cause of otitis media in children, along with Streptococcus pneumoniae and Moraxella catarrhalis . 4, 5 Recurrent ear infections have been implicated in delayed speech development and impaired cognitive ability in children, 4 effects which may extend into adolescence. 6 Otitis media due to NTHI has been increasing with the introduction of the seven-valent S. pneumoniae conjugate vaccine. 7 -9 Although antibiotics are effective against NTHI, increasing rates of antibiotic resistance are being reported. 9 -11 These observations underscore the need for a vaccine to prevent NTHI infection, including otitis media in children and respiratory tract infection in adults with chronic obstructive pulmonary disease.
Vaccine development for NTHI has largely focused on the outer membrane proteins (OMPs) due to their presence on the bacterial surface. 12, 13 Of the proteins being evaluated for inclusion in an NTHI vaccine, OMP P2 has received little attention. OMP P2 is a homotrimeric porin constituting approximately half of the protein content of the outer membrane. 14 The major drawback to the use of OMP P2 as a vaccine antigen is the sequence heterogeneity of several of the surface exposed loops among strains. 15 -18 However, P2 also possesses characteristics to suggest that it may be an effective vaccine antigen. H. influenzae mutants deficient in P2 exhibit compromised viability, 14, 19 suggesting that downregulation of expression is unlikely to occur. Furthermore, due to the abundance of P2 in the outer membrane, the protein presents multiple targets for antibody binding. Neary et al . have shown that immunization with peptides corresponding to a conserved loop of OMP P2 results in ARTICLES bactericidal activity against multiple strains. 20, 21 These data indicate that antibodies to P2 have the potential to be protective against multiple strains. However, not all strains were recognized and the P2 amino-acid sequence alone was not sufficient to predict protection. Immunization with the full-length protein would expose the immune system to a wider range of epitopes, possibly increasing the degree of cross-reactivity of anti-P2 antibodies.
As NTHI is a mucosal pathogen, immunization strategies that emphasize both mucosal and systemic responses should be considered. Although little is known regarding the role of the mucosal immune response in preventing infection with NTHI, it has been suggested that immunoglobulin A (IgA) antibodies may aid in preventing adherence and colonization of NTHI, important preliminary events for infection. 22, 23 Several studies using animal models have shown increased clearance of NTHI and other bacteria following intranasal immunization, suggesting that mucosal antibody responses are an important factor in protection. 24 -27 The goal of this study was to test the hypothesis that immunization with OMP P2 induces antibodies that recognize epitopes on the surface of multiple strains. Purified recombinant P2 (rP2) from selected strains were generated and used to assess both mucosal and systemic immune responses by immunizing mice either intranasally (IN) or subcutaneously (SQ). Serum samples from both groups of mice were evaluated for P2-specific immunoglobulin G (IgG). In addition, saliva was collected from animals immunized IN to evaluate mucosal immune responses. Immunoassays were performed to detect antibody recognition of surface epitopes. The results show that rP2 is immunogenic when administered both mucosally and systemically. Mucosal immunization with rP2 from selected strains of NTHI induced antibodies that bind to surface exposed epitopes of multiple strains.
RESULTS

Characterization of rP2
To test the hypothesis that immunization with rP2 induces cross-reactive immune responses, rP2 was generated from three strains of NTHI. Strains 13P24H1, 23P2H1, and 54P24H1 were chosen as templates based on their P2 sequences. SDS-polyacrylamide gel (PAGE) analysis of purified rP2 revealed a single band of approximately 48 kDa, the anticipated size of the P2 protein with the addition of the 6X-His tag ( Figure 1 ). Results from circular dichroism indicated the presence of -sheet domains, indicating that the rP2 was at least partially refolded (data not shown). A Limulus Amebocyte Lysate assay showed no detectable endotoxin.
Murine immune response to rP2
To study the immunogenicity of rP2 in mice, animals were immunized either IN with cholera toxin as adjuvant or SQ with incomplete Freund ' s adjuvant. Control groups included unimmunized mice and mice receiving adjuvant alone. Quantitative enzyme-linked immunosorbent assays (ELISAs) were performed to evaluate the immune response to rP2. Intranasal immunization induced P2-specific serum IgG ( Table 1 ). In addition, anti-rP2 IgA was detected in the saliva of IN-immunized mice ( Table 1 ) . Levels of serum IgG from IN-immunized mice showed a dose-dependent effect, and this effect was most pronounced in antisera to rP213 and rP254. Levels of salivary IgA displayed greater variability than serum IgG, and a strict dose-dependent effect was not observed. These results indicate that rP2 is immuno genic in mice following mucosal immunization.
To study the effects of systemic immunization, mice were immunized by the SQ route with 20 g of rP2 emulsified in incomplete Freund ' s adjuvant. Systemic immunization resulted in P2-specific serum IgG at levels approximately 1,000-fold higher than mucosal immunization ( 
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cate that rP2 is immunogenic in mice following both mucosal and systemic immunization and that systemic immunization with incomplete Freund ' s adjuvant induces substantially higher serum IgG levels compared with mucosal immunization with cholera toxin.
Characterization of antibodies to surface-exposed epitopes
Whole-cell ELISAs . To determine if antibodies to rP2 recognize surface-exposed epitopes, whole-cell ELISA was employed. Serum from mice immunized with adjuvant alone was included in each assay as a negative control. Binding of antibodies in whole-cell ELISA was observed for antisera from IN-immunized mice, whereas no difference in binding was observed between test sera and adjuvant control sera for SQ-immunized mice ( Figure 2 ). Background levels of antibody binding in normal mouse serum were consistently below that observed from mice immunized with adjuvant alone (data not shown). In the INimmunized groups, the degree of binding in whole-cell ELISA varied among the three immunogens, and was not always dose dependent. Antiserum to rP223 at the 50 g dose yielded the highest level of binding to the homologous strain. In contrast, the 20 g dose induced the highest level of antibodies to surface epitopes in mice immunized with rP213 and rP254. The observation that serum samples that have the highest levels of antibodies in whole-cell ELISA have relatively lower levels of serum IgG detected by quantitative ELISA ( Table 1 ) indicates that these two assays recognize two distinct antibody populations. As antibodies to surface epitopes are the most likely to be protective, we chose to study antisera that exhibited the greatest degree of binding in whole-cell ELISA in our remaining experiments. These results indicate that antibodies from mice immunized mucosally recognize surface-exposed epitopes whereas those from mice immunized systemically do not.
Flow cytometry . Flow cytometry was used as a second method to evaluate binding of antibodies to the surface of NTHI. Sera from IN-immunized mice showed a significant degree of binding to surface epitopes ( Figure 3 ), whereas sera from SQ-immunized animals showed no binding to whole bacterial cells. Results from flow cytometry correlated well with those from whole-cell ELISA, supporting the conclusion 
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that anti-rP2 antibodies from IN-immunized mice recognize surface-exposed epitopes, whereas those from SQ-immunized mice do not.
Specificity of the murine antibody response to rP2
Construction of P2-deficient mutants . To address the specificity of antibodies binding to surface epitopes, P2 mutants were constructed for each of the three homologous strains. Outer membrane preparations of the parent and the mutant strains showed a loss of the P2 band from the mutant, with no visible effect on the other OMPs ( Figure 4a ). Immunoblots using P2-specific antisera confirmed that the P2 protein is not expressed in the mutant strains ( Figure 4b ).
Flow cytometry using P2-deficient mutants . To define the specificity of the immune response to P2, flow cytometry using the P2-deficient mutants was employed. Sera were tested at multiple dilutions and results are expressed for those dilutions that gave the optimal signal-to-noise ratio. For all three IN antisera tested, flow cytometry indicated a loss of surface binding in the P2 mutants in comparison to wild-type strains ( Figure 5 ). These data support the conclusion that antibodies that bind to the surface of NTHI recognize epitopes on the P2 protein.
Cross-reactivity among strains
Whole-cell ELISA . To assess the extent to which antibodies to P2 bind to the surface of heterologous strains of NTHI, Flow cytometry was performed with the homologous strain in triplicate and median fluorescence intensity was determined. IN sera were tested at a 1:10 dilution. SQ sera were tested at a 1:100 dilution. Results are expressed as the mean ± s.e.m. Student ' s t -test was used to test for significance. SQ, subcutaneous; NMS, normal mouse serum; IN, intranasal. ARTICLES whole-cell ELISA was performed with 20 clinical isolates of NTHI. To facilitate screening this number of isolates and ensure availability of reagents, assays were performed with selected antisera: rP213 (20 g IN), rP223 (50 g IN), and rP254 (20 g IN). These antisera were chosen as they demonstrated the highest degree of binding to the homologous strain in whole-cell ELISA. Binding of test sera was compared with that of normal mouse serum and Student ' s t -test was used to determine significance. Results from whole-cell ELISA indicate that anti-rP213 serum recognized 15 of 20 strains, anti-rP223 serum recognized 13 of 20 strains, and anti-rP254 recognized 15 of 20 strains ( Figure 6 ). Substantial overlap was observed among the three sera with regard to strains that were recognized. However, some differences were noted. For example, 5P30H1 was the only strain to which anti-rP254 serum did not exhibit statistically significant binding, whereas both anti-rP213 and anti-rP223 sera displayed statistically significant binding to this strain, although this may be due to the aberrantly high standard deviation observed for this strain. From these experiments we conclude that antibodies to P2 induced by mucosal immunization recognize surface epitopes in multiple strains of NTHI in whole-cell ELISA.
Flow cytometry . The same sera were also tested in flow cytometry with multiple strains. The sera were then tested in triplicate against 10 -20 heterologous strains of NTHI, depending on availability of sera. By this method, anti-rP213 recognized 9 of 20 strains, anti-rP223 recognized 11 of 20 strains, and anti-rP254 recognized 5 of 10 strains ( Figure  7 ). As in whole-cell ELISA, substantial overlap was observed among the strains testing positive, whereas some serum specificity was observed for other strains. Results of wholecell ELISA and flow cytometry showed a degree of correlation with one another. However, a small number of strains that tested positive in ELISA were negative in flow cytometry, and vice versa. As both assays differ from each other in several respects, this is not unexpected. Overall, results of two independent methods indicate that antibodies to P2 recognize surface exposed epitopes on multiple strains of NTHI.
Antibody avidity . The results of P2 ELISA, whole-cell ELISA, and flow cytometry revealed distinct differences in antibody populations generated by the two different routes of immunization. To further evaluate the differences between the antibodies induced by mucosal immunization compared with systemic immunization, the avidity of anti-rP2 antibodies was evaluated. Figure 8 shows that the avidity index of serum IgG antibodies for rP2 from SQ-immunized mice is approximately double that of serum IgG from IN-immunized mice. Although we cannot completely exclude the possibility that the sodium thiocyanate altered the conformation of P2 binding to the plate, these results support the conclusion that IN immunization yielded lower titer antibodies with reduced avidity that recognize surface exposed epitopes. In contrast, SQ immunization with rP2 in mice yielded high titer antibodies that exhibit high avidity but do not recognize surface epitopes. 
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DISCUSSION
As the most abundant protein in the outer membrane of NTHI, the major porin protein P2 was considered as a potential vaccine antigen for NTHI two decades ago. Antisera raised to killed bacteria that contained antibodies to P2 induced strain-specific passive protection in the chinchilla model of otitis media. 28 Immunization of mice and rabbits with whole NTHI induce highly strain-specific antibodies to immunodominant, antigenically heterogeneous surface-exposed loops on the P2 protein. 29 Natural infection in humans results in strain-specific, bactericidal antibodies to P2. 30, 31 These lines of investigation suggested that the sequence heterogeneity of surface-exposed loops precluded P2 as a useful vaccine antigen. However, these studies all employed immunization with whole bacteria, which induces highly strain-specific responses to immunodominant surface loops of P2. In designing the present study, we speculated that immunization with purified P2 would induce a different set of antibodies to P2 compared with when the host is presented with whole bacterial cells. The present study is the first to assess immunization with full-length rP2 and to assess mucosal immunization with P2. One reason we chose to evaluate both mucosal and systemic immunization is that NTHI is a respiratory pathogen. Although the relative importance of IgA antibodies in preventing infection with NTHI is not yet known, several studies provide evidence that mucosal IgA antibody is protective. Levels of secretory IgA antibody against P6 in breast-fed infants are inversely correlated with colonization of the nasopharynx with NTHI. 23
Figure 6 Assessment of serum antibodies induced by intranasal (IN) immunization by whole-cell enzyme-linked immunosorbent assays (ELISAs) with heterologous strains of nontypeable Haemophilus influenzae (NTHI)
. Assays were performed in triplicate and results are expressed as the mean ± s.e.m. Significance of antibody binding in comparison to normal mouse serum was determined using Student ' s t -test. IN, intranasal; OD, optical density; NMS, normal mouse serum. * P -value < 0.05.
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Furthermore, intranasal immunization with rP4 and rP6 induces enhanced clearance of NTHI in animal models. 26, 27, 32, 33 The mucosal immune system is now widely recognized to be compartmentalized. Intranasal immunization induces antibodies in the nasal, oral, respiratory, and vaginal secretions, whereas oral immunization preferentially induces antibodies within the gut. 34 Immunization via the nasopharynx-associated lymphoid tissue induces both salivary and respiratory tract IgA responses. 35, 36 For this reason, as well as several practical aspects, we chose to study mucosal IgA responses to rP2 in saliva as a surrogate for analyzing IgA responses within the lungs. In our study, intranasal immunization with P2 resulted in low levels of anti-P2 IgA in saliva. Whether these levels are physiologically significant is unknown, although it is anticipated that adjusting . Assays were performed in triplicate and results are expressed as the mean ± s.e.m. Note that serum from mice immunized with rP254 was limited and was therefore only tested with 10 strains. Significance of antibody binding in comparison to normal mouse serum was determined using Student ' s t -test. IN, intranasal; NMS, normal mouse serum. * P -value < 0.05.
ARTICLES dosage and immunization schedules could improve mucosal responses.
Although titer is an important consideration, recognition of surface epitopes is also an important factor in antibody efficacy. For example, bactericidal or opsonizing antibodies bind to the bacterial surface. For this reason, flow cytometry and whole-cell ELISA were used to study binding of serum IgG to surface epitopes. In both assays, sera from IN-immunized animals recognized surface epitopes. In marked contrast, sera from SQ-immunized animals exhibited no binding to surface epitopes. This result has important implications. The observation emphasizes that the route of immunization has a profound effect on the characteristics of the resulting antibody response. Sera from SQ-immunized animals displayed a high titer of antibodies to rP2 in quantitative ELISA, but these antibodies appear to be largely directed toward buried epitopes. The reason for this difference is unclear, although we speculate that the difference may arise from differences in antigen processing due to the route of immunization or different modes of action of the two adjuvants used. Alternatively, it may be that emulsification with incomplete Freund ' s adjuvant partially denatured the rP2, and conformational epitopes necessary for inducing of antibodies to the surface of the organism were lost.
Another interesting observation was that in two instances, anti-rP213 (20 g IN) and anti-rP254 (20 g IN), sera that yielded low titers of anti-P2 serum IgG by quantitative ELISA ( Table 1 ) displayed a high degree of recognition of surface epitopes by whole-cell ELISA and flow cytometry ( Figures 2  and 3 ). Flow cytometry using mutants deficient in the P2 protein confirmed that these sera recognize surface epitopes on P2. As coating an ELISA plate with purified proteins is likely to distort some epitopes, particularly conformational epitopes, we hypothesize that our quantitative ELISAs underestimated the amount of anti-P2 serum IgG in these samples. This speculation is also supported by results of antibody avidity assays. Antisera from IN-immunized animals displayed lower avidity to rP2 when compared with antisera from SQ-immunized animals. This lower avidity may have contributed to the lower titers observed in antisera from mucosally immunized animals. It is important to note here that because the avidity experiments were performed with purified rP2, no conclusions can be drawn from this assay regarding the avidity of anti-P2 antibodies to epitopes on the bacterial surface as measured in whole-cell ELISA.
To determine the degree of cross-reactivity of anti-rP2 antibodies among strains, sera were tested for recognition of surface epitopes on 20 clinical isolates. Sera from intranasal immunization recognized 65 -95 % of strains by ELISA, and 25 -55 % of strains by flow cytometry. Overall, we conclude that antibodies to P2 induced by mucosal immunization recognize surface epitopes in multiple strains of NTHI. The cross-reactivity of antibodies from SQ-immunized animals, in contrast, could not be evaluated by whole-cell ELISA or flow cytometry as these antibodies did not recognize epitopes on the surface of the organism. Natural infection with NTHI induces highly strainspecific antibody responses to P2. Furthermore, immunization of animals with whole NTHI induces antibodies largely to one variable, immunodominant loop on P2. 29 The results of the present study demonstrate that immunization with a purified form of the same protein induces a different set of antibodies compared with infection with whole NTHI. Mucosal immunization with purified P2 with cholera toxin as an adjuvant induced antibodies that recognize conserved epitopes present on multiple strains of the organism. This is an important finding, as it indicates that immunization with an antigen that contains both conserved and variable epitopes can induce antibodies to surface epitopes of multiple strains.
In summary, the present study shows that rP2 is immunogenic when administered both mucosally and systemically. However, marked differences were observed in the antibody populations produced by these two routes of immunization. When IN administered, rP2 induced antibodies in mice that recognize surface epitopes on the homologous strain, as well as several heterologous strains, implying a potential advantage for mucosal immunization over systemic immunization for rP2. Although future work is needed to assess the protective effect of immunization with rP2, our results indicate that P2 should be studied further as a vaccine candidate for NTHI.
METHODS
Bacteria and growth conditions . Fifteen NTHI strains were isolated from sputum of adults enrolled in the chronic obstructive pulmonary disease Study Clinic at the Buffalo VA Medical Center 37 and eight strains were obtained by tympanocentesis of middle ear fluid from children with otitis media in various cities (Buffalo, Seattle, Dallas). NTHI was grown on chocolate agar plates or in brain heart infusion broth supplemented with 10 g / ml hemin and 10 g / ml -nicotinamide adenine dinucleotide. Escherichia coli strains TOP 10 and BL21 DE3 pLysS (Invitrogen, Carlsbad, CA) were grown on Luria -Bertani plates, in Luria -Bertani broth, or in Terrific broth with appropriate antibiotics.
Cloning of ompP2 into pRSETB . The ompP2 gene was amplified by PCR from three strains of NTHI using previously described primers. 38 Genomic DNA from strains 13P24H1, 54P24H1, and 23P2H1 were used as templates. The PCR products were digested with Bam HI (New 
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England Biolabs, Ipswich, MA) and ligated into the vector pRSETB (Invitrogen), which places a 6X-Histidine tag on the N terminus of the recombinant protein. Ligated plasmid was transformed into chemically competent TOP 10 cells and positive clones were selected by plating onto Luria -Bertani plates containing carbenicillin. Colonies were subjected to PCR to identify insertion of the ompP2 gene. DNA sequencing (Roswell Park Biopolymer Facility, Buffalo, NY) was performed to ensure the gene was in frame and retained the correct sequence. The resulting plasmids were named pKO6 (strain 23P2H1), pKO7 (strain 54P24H1), and pKO10 (strain 13P24H1).
Expression and purification of rP2 . Chemically competent BL21 DE3 pLysS cells were transformed with the plasmids pKO6, pKO7, and pKO10. Transformed colonies were used to inoculate 32 ml of Terrific Broth supplemented with carbenicillin and chloramphenicol. Cultures were incubated at 37 ° C with shaking to OD 600 = 0.400. The bacteria were centrifuged at 1,800 × g for 20 min and resuspended in 200 ml fresh media containing carbenicillin. Isopropyl--D -thiogalactopyranoside was added to 1 m M and the cultures were incubated for 3 h at 37 ° C with shaking. Expression of the rP2 protein was monitored by SDS-PAGE. The bacteria were centrifuged at 3,000 × g for 20 min at 4 ° C and the bacterial pellet was stored at − 20 ° C.
A modification of the protocol described by Singh et al. 39 was used to purify and refold rP2. Bacterial pellets were thawed and resuspended in 20 ml phosphate-buffered saline (PBS) containing 0.1 % Triton X-100 and EDTA-free complete protease inhibitor (Roche, Indianapolis, IN) and subjected to 3 × 30 s bursts of sonication with a Branson Sonifier 450 at 40 % power. This was followed by centrifugation at 15,000 × g for 20 min at 4 ° C to isolate inclusion bodies. Inclusion bodies were solubilized in binding buffer (2 M urea, 20 m M sodium phosphate, 0.5 M NaCl, pH 12.5). Solubilized rP2 was then bound to ~ 2 ml Ni + Sepharose Fast Flow (GE Biosciences, Piscataway, NJ) overnight at 4 ° C. The resin was poured into a column and the fall through was collected. The column was washed with several column volumes of binding buffer containing 15 m M imidazole. This was followed by elution of rP2 from the column with binding buffer containing 500 m M imidazole. Purified rP2 was then subjected to refolding by dilution. Protein was diluted slowly into 10 volumes of cold refolding buffer (2 M urea, 50 m M Tris-HCl, 10 % glycerol, 5 % sucrose, 0.5 m M EDTA, 0.05 % Zwittergent 3 -14, pH 8.0). This was followed by dilution with five volumes of refolding buffer containing no urea or Zwittergent. Finally, the protein was subjected to diafiltration with buffer composed of 50 m M Tris-HCl, 10 % glycerol, 5 % sucrose, 0.5 m M EDTA, 0.01 % Zwittergent, pH 8.0 using an Amicon stirred cell apparatus and a 10,000 molecular weight cutoff filter. The solution was concentrated to ~ 1 ml using an Amicon centrifugal filter device (10,000 molecular weight cutoff). Protein concentration was estimated using the Pierce BCA protein assay (Pierce Biotechnology, Rockford, IL), and protein integrity was monitored by SDS-PAGE. Purified rP2 was stored in aliquots at − 20 ° C.
Construction of P2 mutants . P2-deficient mutants of NTHI strains 13P24H1, 23P2H1, and 54P24H1 were constructed as previously described by Neary et al . 21 Briefly, genomic DNA was prepared from a P2-deficient mutant for H. influenzae strain Rd in which the ompP2 gene had been replaced by a chloramphenicol cassette. 21 Genomic DNA was restricted with Bgl II and incubated with a single colony of NTHI on chocolate agar for 5 h at 35 ° C in 5 % CO 2 . The bacterial film was then resusupended in 1 ml brain heart infusion and plated on chocolate agar containing chloramphenicol at 2 mg / ml. Plates were incubated at 35 ° C in 5 % CO 2 and resulting colonies were subjected to PCR to identify insertion of the chloramphenicol cassette into ompP2 . SDS-PAGE and immunoblotting confirmed absence of the P2 protein.
Isolation of OMPs for SDS-PAGE . Outer membrane preparations were prepared as previously described by Murphy et al . 40 with minor modifications. NTHI was grown overnight on chocolate agar. The following day, bacteria were suspended in 10 m M 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, pH 7.4. Samples were subjected to 3 × 10 s bursts of sonication at 40 % power followed by centrifugation at 900 × g to pellet unbroken cells. The supernatant was centrifuged at 13,000 × g to pellet cell membranes. Membranes were solubilized with 1 % N -lauroyl sarcosine in 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid buffer. OMPs were then pelleted by centrifugation at 13,000 × g and resuspended in 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid buffer for SDS-PAGE analysis.
SDS-PAGE and immunoblot assays . Samples were run on a 12 % acrylamide gel and stained with Coomassie Blue. For immunoblotting, antigens in gels were transferred onto a nitrocellulose membrane, blocked with 3 % nonfat milk, and probed with antisera. Blots were developed with appropriate antibodies conjugated to horseradish peroxidase (HRP). Quantitative ELISA . Antibody concentrations were determined by quantitative ELISA as described by Wu et al . 36 The wells of a 96-well microtiter plate were coated with rP2. Samples were tested in duplicate in a series of twofold dilutions at an appropriate starting concentration and plates were incubated overnight. Nonfat dry milk (2 % ) in PBS served as both the blocking agent and diluent, except in the case of saliva, which was diluted in 10 % bovine serum albumin in PBS. Antibodies were detected with anti-mouse IgG or IgA (KPL, Gaithersburg, MD) or anti-mouse IgM (Invitrogen) conjugated to HRP. To determine immunoglobulin concentrations, a set of standard wells was run simultaneously by coating wells with either anti-mouse IgG or IgA antibodies. Mouse Ig reference serum (MP Biomedicals, Solon, OH) was used to generate a standard curve for each plate using four parameter logistic algorithms (Microplate Manager III; BioRad, Hercules, CA). The standard curves were then used to interpolate concentrations of immunoglobulins in samples. Antibody levels in saliva were normalized in relation to total IgA levels to account for fluctuations in IgA levels due to salivary flow rate.
Whole-cell ELISA . NTHI was grown to mid-logarithmic phase, centrifuged at 1,800 × g for 10 min, and resuspended in PBS to an OD 600 = 0.200. The bacterial suspension was coated onto 96-well plates by incubation at 4 ° C for 16 h. Wells were blocked with 2 % Nonfat dry milk in PBS and sera was applied to the wells in duplicate at appropriate dilutions. To determine appropriate dilutions, initial experiments were performed at multiple twofold dilutions until a loss of signal was achieved, and dilutions that yielded optical densities in the linear portion of the curve were chosen for further analysis. Plates were incubated with sera for 16 h at room temperature. Antibodies were detected with anti-mouse IgG-HRP (KPL). Absorbances were read at 450 nm on a BioRad microtiter plate reader, and results were analyzed with Microplate Manager III software.
